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This report summarizes the results of measuring the high~field
eguilibrium orbit and discusses the corxrection of orbit distortions
by transverse displacement of the guadrupoles. It is a sequel to
EXP~10 {(5/30/72). An effort is made to evaluate the success of our

past efforts as a gulde for further orbit corrections.

I. Chroncology of Measurements and Moves

Table I records all of the complete eguilibrium-orbit measuvrements.
Those of 4/12, 4/14, 5/28 and 7/9 were the most carefully verified:
and make up the ugeful data base, although the other measurements
were useful in checking the effects of immediately prior moves.

Table II is a record of guadrupole moves taken to correct the closed
orbit. The predicted rms and maximum orbit distortions are compared
with those measured before and after the moves. ©One finds that the
moves have alwayvs smoothed the orbit but only on the first attempt
was the result as good as predicted. However, there 1ls some evidence
that the amount of discrepancy ig dependent on the intexval between
the "before® and "after" measurements. Sources of the discrepancies

are discussed below.
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IT. Precgigion of Clesed-Orbit Mesasurements

With present beam intensities and the condition of the detectors
and their cables it has been estimated (R. Stiening) that position
‘measurements are no betber than #1/716" (+.5 db in raw data}. This
approaches the order of the current vertical rms distortion and is
adequate to account for the difference between the .097 xmg vertical
predicted after the moves of 572 and the 15" observed 5/28. The
horizontal discrepancy is similar. Clearly, current orbit measure-
Ments contain significant noise. The tolerable §/N ratio depends
on how detailed a fit is going to be made. To calcoulate the move
of one guad only the correct sign is needed for most detectors,
and information with S/N approaching unity is of some use. Probably

S/N should be ~yn for an n guad move to nake much improvement.

Irr. Quadrupole Placement Accuracy

A further limitation on the making of refined corrections is the
practicval difficulty in achieving an exact set of moves. The actual
error in measuring the change of guadrupole position is guite small

{.001") since dial gauges remaln in contact with the magnet during

the move. There are practical difficulties in cobtaining the requested

setting, however. Limits on jack travel often interfere; ¢oupling to
upstream and downstream bending magnets may require compensating
bending magnet moves. Also, one must aveld disturbing positions in
“the direction orthogonel to the intended move. Each move theéreby
reguires several iterations and one must guit after some reasonable

length of time. A comparison between the vertical moves reguested
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and thosé the moving orew were able to deliver on 5/2 is given below.
Requested _ o
Motion Obtained DLEL
Quad _{dny L Lin)
ALS - 057 ~. 043 - 014"
A43 - GLY - G1E. <001
p23 -, 086 -.077 ~011”
D47 %*Q&ﬂ L, U4 001
¥43 - 036 - 036 000

g‘{}g mv{}ﬁ[} mwﬁ&@ wﬁ{}g

Thege motions lead to the following predictions for the closed-
orbit distortion:
Fidm From

Reguested Acbual
Moves Moves

Predicted rng LOgT" LOe0

Fredicted Mas L 225" et

This, for this particular case the moves actually made should have
been nearly as good as those reguested. In general, however, &

single ‘placement error of 01" produces an rms orblt error of (pLE"
and & maximam discrepancy of .025%. Thus, in an hmagnet move. one

would expect the g error after correction o be

g wﬂfn(i.ﬁﬁ)zéaz
sy w

whete ﬁﬁ.ig thé predicted yms error, §& is the typical placement

erroy, dnd the numerical facbter 1.5 ils the ratic Detween the transverse

- _ .
T ldmdted jeck travel
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displacement of a 7' focusing guad and the rmsg orbit distoxrtion
produced thereby. One must expect greater error in the predicted
maximum because the errors do not add in guadrature and because the
numerical factor ig 2.5 instead of 1.5. Feor the horizontal moves

of 5/12 a similarly detailed table of actual moves has not been made
up, but E. Bleser summarizes the results by saving that all moves
are within ~.005" of target and that for the technigues used on that
date the measurement error is also of that order. Thus, placement
error is not likely to be a significant contributor to the discrep-

ancies observed between measured and predicted closed orbits.

IV. Unexpecited Changes

Althcugh it has been argued that the apparent improvement in
rmg and maximum distortion shown by the measurements of 5/28 was
reasonable in view of uncertainty in the 5/14 measurement, the agree-
ment in detail was much worse than that obtained in the trial case
formed by the measurements of 4/12 and 4/14 and the vertical moves
of 4/13. When the data of 5/7 are used, however, the point by point
comparison is considerably improved even though the gquality of that
earlier data 1lg believed to ke inferiocr to that taken on 5/28 [see
Fig. 1). Of course, the horizontal moves of 5/12 have taken place
in the meantime, but it appears that something else significant has
occurred in the interval 5/7 to 5/28. The shorted 4' defocusing
guad found at All on 6/27 may have become defective during this
period. This effect is clearly present in a comparison of the data

of 5/28 with that taken 7/9 after the All guad had been replaced.
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Figures 2 and 3 give the difference between the two measurements
ghowing in both planeg the sinusoidal form characterigtic of a simple
source. The orbit correction program applied to these differences
selects ALLD and moves it in the direction consistent with the fact
that the Upper outside c¢oil was shorted. The effect of moving A1l

wag

Before After
TS nax rms max
Vertical orbit difference .142 . 30 L0079 L3658
Horizontal orbit difference 413 1.310 . L85 1.027

As one can see from the figures and the tabulation, the movement of
A1l made & large rms reduction in the orbit distortion but failed

to improve the value of the maximum distortion. These large locail~
ized distortions in the corrected difference orbit are suggestive

of local measurement errors in one or the other sets of data because
the match is so good over most of the ring. Caution is in order in
interpreting the difference orbit, however, because both sets of data
are noisy. The correction subtracts out a sinuscidal component and
leaves a yet noisier second difference which may be expected to show
large fluctuations. The precision of these data does not justify a

strong statement about failure of gpecific detectors.

V. Program for Further Improvements

The current clesed orbit shown in Figures 4 and 5 is clearly in
need of further improvement. ¥For the horizontal orbit the rms dis~

tortion is 2till well above the noise, the ratio 2.72 of maximum to
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rms ig in the normal range, and areas in need of correction are well
distributed arcund the ring. Therefore, an overall correction is

indicated. Five moves chosen to minimize the rms error are given below.

Quad Move
AlS L114F inward
B32 .ossw‘k
131 E
B16 (082" L utvara
D43 Loe2" ;
F23 .132"
Predicted rms . 180"
Predicted max Ban at ELLF

The resulting max-—to-rms ratio is somewhat high reflecting a kink
developed at E11, but it is reasonable to see if the kink actually
shows up in the measurements before trying to correct it. The
corrected orbit is the dashed curve in Fig. 4.

The vertical closed orbit looks a bit different. About 2/3 of
the sensor readings are around the noise level and the max~to-rms
ratio definitely reflects localized distortion. The moves suggested
below are chosen to reduce the distortions in E and F sectors with

little effect on the rest of the machine.

Quad Move

E12 . 150" downward

£36 090" |

Fi3 L0737 } upward

F45 L0490}
Predicted rms .081

Predicted max L 226 at (€45
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The corrected orbilt is given by the dashed curve in Fig. 5. By
including a move at D49F the correction can be made exclusively to
£ and ¥ sectors, but placement errors would probably disturb the
rest of the ring nearly as much aszpraﬁictﬁﬁ féz the four-magnet
mave. The predicted change of about 1/16" at the Lamberison septunm
‘geems acceptable. Although the bump in C-sector would be amenable
“to the same treatient it seéms desirable to see thée results of the
stuggested moves to permit an easier interpretation of the results.

T has been observed that the difference of closed orbit measure-
ments can polnt guite dlearly to magnets which deteriorate betwsen
the measurements. For this reason it seems advisable to retain a
‘few generations of measurement on the PDP-10 disk for comparison.
Alge, for this reason measurements should be taken as often as
practical, not just dftey guadrupcles have been moved. We have not
vet sufficient experience to know what the long-term stabllity of
the closed orbit is. If there are day-to~day changes the effort
- made to reduce distortions below the orvder of such changes is wasted.

It is important to note that the closed~orbit correction obtained
by moving guadrupoles is dependent on Knowing the tune of the machine.
As the ture approaches an integer value, for instance, any particle

arrives at a given guad with nearly the same phage oveér geveral turns

50 that a small displacement produces a large orbit distortion. Since

the technigue emploved does not correct the geometry of the ring to

Hominal but rather introduces compensatory distortions, the correction

will be good for only the v value for which it was calculated. The

larger the individual magnet moves have besn {and ours have been quite

‘stbstantial) the more sensitive the closed orbit is to v change.

g A, MacLachlan
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